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METHOD AND DEVICE FOR CONTROLLING AN INTERNAL COMBUSTION 

ENGINE 

Background Information 

The present invention relates to a method for controlling an 
internal combustion engine as recited in the preambles of the 
independent claims . 

5 DE 102 21 376 (not a prior publication) describes a method and 
a device for controlling an internal combustion engine. It 
describes a method and a device for controlling an internal 
combustion engine in which a lambda value of the exhaust gas 
is determined on the basis of performance characteristics. 
10 This value is compared to the actual lambda value, and this 
comparison is used to calculate a correction value for 
correcting a fuel amount signal or an air amount signal. 

Essentially, a first quantity characterizing the actually 
injected fuel amount is determined here from the sensor signal 
15 of a lambda sensor and an air mass sensor and compared to a 
second quantity characterizing the desired fuel amount to be 
injected. A first correction value for correcting a fuel 
amount and/or a second correction value for correcting an air 
amount is defined based on this comparison. 

20 In an ideal, error-free system, the actually injected fuel 
amount must be equal to the desired fuel amount. Due to 
tolerances and/or aging effects, the desired fuel amount 
differs from the actually injected fuel amount. If the air 
amount metered to the engine is controlled and/or regulated as 

25 a function of the desired fuel amount to be injected, an 
erroneous air amount is set. Control as a function of the 
actually injected fuel amount is not able to be easily 
accomplished, because the actually injected fuel amount is 
difficult to determine. By measuring the lambda value of the 
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exhaust gas and the air amount metered to the engine, the 
actually injected fuel amount may be computed and compared to 
the desired fuel amount to be injected. The difference between 
these two signals provides a correction value. This correction 
value may be used to influence the air system. This is 
accomplished, for example, by correcting the fuel amount value 
supplied to the air system using the appropriate correction 
value. Furthermore, the air amount may be directly corrected 
as appropriate. As an alternative to computing the fuel 
amount, the lambda signals or other quantities characterizing 
the fuel amount may also be used directly. 

Alternatively, the fuel metering system may be influenced 
directly in such a way that a fuel amount quantity is 
corrected using the correction value until the fuel amounts to 
be injected and actually injected are the same. The problem 
with such a direct correction of the fuel amount is that such 
a correction may result in an increase in the amount of fuel. 
Therefore, for safety reasons, it is not desirable for direct 
intervention in the fuel amount to correct differences of any 
magnitude or for it to act in the entire range of engine 
operation . 

These limitations do not apply in the case of indirect 
intervention, for example, via air control using exhaust gas 
recirculation. Because indirect intervention is equivalent or 
better regarding emissions, indirect intervention in the air 
amount is usually preferred. 

The present invention has shown that errors in the injected 
amount may occasionally have a negative effect on driving 
performance . 

Therefore, according to the present invention, the correction 
value affects the fuel amount and/or the air amount. The 
correction value affecting the fuel amount is limited to a 
maximum value in this context. Using this procedure, effects 
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on both exhaust gas emissions and driving performance may be 
compensated for. In a preferred embodiment, the entire error 
is compensated by a direct intervention. If this is not 
possible, the remaining error is compensated by an indirect 
intervention. Direct intervention affects the fuel amount, 
while indirect intervention affects the air amount. 

According to the present invention, the error in the fuel 
amount which corresponds to the difference between the actual 
and desired fuel amounts is partly compensated by a direct 
intervention in the metering and by adjustment of the air mass 
to the residual error in the fuel amount. 

It is particularly advantageous if the type of intervention is 
selected as a function of the operating state of the engine. 
This is accomplished in particular by the fact that the 
limitation and thus the proportion of direct intervention is 
defined as a function of the operating states and is thus 
continuously adjusted. The rotational speed and/or a quantity 
characterizing the load on the engine is/are preferably used 
as performance characteristics. 

The first and/or second correction value is/are preferably 
adapted. This means that in states in which the correction 
values may be determined, the correction values are saved in 
one or more characteristics maps as a function of the 
operating state of the engine, or quantities usable for 
computing the correction values by a mathematical method are 
determined and saved. In states in which the correction values 
may not be determined, the saved correction values or the 
saved quantities are used. 

In a particularly advantageous embodiment, the cylinders of 
the engine are divided into at least two groups, and different 
second correction values are defined for the different groups. 
This means that the mean fuel amount error of both groups is 
corrected via a fuel amount intervention. The residual and/or 
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individual errors of the individual groups are compensated via 
an indirect intervention. 

Up to a certain error, correction preferably takes place via a 
fuel amount intervention. For greater and/or asymmetric 
errors, an additional correction is performed via an air 
amount intervention . 

Drawing 

The present invention is elucidated below with reference to 
the embodiments illustrated in the drawing. 

Figure 1 shows a block diagram of the device according to the 
present invention . 

Figures 2 and 3 show embodiments of an internal combustion 
engine in which the cylinders of the engine are divided into 
at least two groups. 

The procedure is described below using the example of the 
amount of fuel to be injected. Instead of the fuel amount, 
quantities characterizing the fuel amount may also be used. 
Torque quantities, fuel volumes, and/or activation times of 
respective actuators may be used in particular. 

In Figure 1, a fuel amount controller 100 defines a desired 
fuel amount MES to be injected as a function of different 
input quantities, such as the rotational speed of the engine 
and a signal FP, which characterizes the driver's intent and 
is hereinafter also referred to as the second quantity. This 
signal related to the desired fuel amount to be injected is 
supplied to a fuel amount actuator 110 via a node 105. Fuel 
amount actuator 110 determines the point in time and the end, 
and thus the duration, of the fuel metering. It is preferably 
designed as a solenoid valve or as a piezoelectric actuator 
which is preferably situated in an injector, an injection 
nozzle, or another actuator. 
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An air amount controller 200 delivers an air amount signal MLS 
on the basis of different input quantities, such as rotational 
speed N of the engine and a quantity MES characterizing the 
fuel amount to be injected. The output signal of fuel amount 
controller 100 is preferably used as the input quantity for 
the fuel amount to be injected. An air amount actuator 210 
receives output signal MLS of air amount controller 2 00 via a 
node 205. Air amount actuator 210 sets the corresponding air 
amount as a function of signal MLS for the desired fresh air 
amount. This is preferably an actuator for influencing the 
recirculated exhaust gas amount in the form of an exhaust gas 
recirculation actuator, a throttle valve, which influences the 
air amount supplied to the engine, and/or a turbocharger. 

A fuel amount calculator 120 uses different input quantities 
to determine a quantity ME I characterizing the actually 
injected fuel amount, which hereinafter is also referred to as 
the first quantity. The fuel amount calculator processes a 
signal L in particular which characterizes the oxygen 
concentration in the exhaust gas and a signal ML I which 
characterizes the air amount supplied to the engine, as input 
quantities. The two signals are preferably provided by 
sensors, in particular a lambda sensor, and an air mass meter. 
Alternatively, these signals, may also be determined from other 
quantities . 

In addition to the input quantities illustrated in Figure 1, 
other input quantities may be taken into account by the fuel 
amount controller, the air amount controller and the fuel 
amount calculator . 

First and second quantities MES and ME I are supplied to a node 
125 with opposite signs. Output signal DME of the node 
provides the difference between the actually injected fuel 
amount and the desired fuel amount to be injected. This signal 
DME for the injected amount error is supplied to a first 
characteristics map 134 via an integrator 130 and a limiter 



NY01 911737 vl 



5 



132. The second input of node 105 receives output signal QME 
of the first characteristics map. In turn, limiter 132 
supplies a signal to integrator 130. Both limiter 132 and 
characteristics map 134 receive different performance 
5 characteristics, such as rotational speed N of the engine and 
other quantities. 

Furthermore, signal DME for the injected amount error is 
supplied via a filter 140 and a sign inverter 142 to a second 
characteristics map 144, whose output signal QML is supplied 
10 to the second input of node 205. Second characteristics map 

144 also receives different signals for different performance 
characteristics, such as rotational speed N. 

Integrator 130 and limiter 132 act as integral controllers 
having output quantity limiting and anti-windup functions. 

15 This means that the injection amount error is integrated by 

integrator 130. On reaching the limiting value of limiter 132, 
the integrator is stopped; this is indicated by the connection 
between the limiter and integrator 130. As soon as the 
limiting value of limiter 132 is reached, the output signal of 

20 the limiter remains at the value that has been reached. 

In one embodiment of the present invention, the limiting value 
of limiter 132, to which the output signal of integrator 130 
is limited, is definable as a function of the operating state 
of the engine. The limiting value is preferably defined as a 
25 function of speed N of the engine and/or other performance 
characteristics . 

The output signal of limiter 132 is the fuel amount error 
which is to be compensated by a direct intervention in the 
fuel amount. It is adjusted in downstream first 
30 characteristics map 134. This means that when a certain 

operating point of the engine is reached, which is preferably 
defined by the engine speed and the load, the injection amount 
error is determined, integrated, and limited on the basis of 
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the comparison between the first and second quantities. The 
value thus determined is then saved in characteristics map 134 
as a function of the operating point. 

According to the present invention, the fuel amount is to be 
5 corrected only in certain operating ranges. This is ensured by 
setting* the limiting value to zero in the other operating 
ranges in which no fuel correction is to be performed. Fuel 
metering and thus the driving performance are adapted at the 
other operating points. At the other operating points or at 
10 operating points at which the limiter is active, i.e., the 

error cannot be fully corrected by the fuel amount correction, 
the air amount is also corrected. This means that either only 
the fuel amount or only the air amount is corrected or both 
amounts are corrected. 

15 This means that the limitation is continuously adjustable for 
different operating points. The remaining fuel amount error is 
automatically compensated via the air amount. 

If the integrator reaches the limiting value, the injected 
amount error is not fully corrected via fuel metering. 

20 Accordingly, the integrator input signal remains different 
from zero, i.e., the injected amount error is not equal to 
zero. This residual injected amount error is compensated via 
the air amount. The signs of the two interventions are 
opposite, which is ensured by inverter 142. The dynamics of 

25 the air branch may be calibrated independently of the fuel 
amount metering via filter 140, which is preferably 
implemented as a low-pass filter. The air amount branch 
preferably has a slower dynamic response so that the learning 
of the fuel amount correction is not unnecessarily influenced. 

30 At operating points at which first quantity ME I is known, 

correction values QME for the fuel amount to be injected and 
QML for the air amount are computed and saved, i.e., learned, 
in characteristics maps 134 and 144 as a function of the 
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respective operating point. If first quantity ME I is not 
available, which is the case, for example, when lambda signal 
does not deliver permissible values, the value saved in 
characteristics maps 134 and 144 is used for correcting the 
fuel amount and/or the air amount . 

Instead of characteristics maps 134 and 144, other learning 
functions or adaptive methods may also be used. 

Figure 2 shows another embodiment of the procedure according 
to the present invention. This procedure is provided in 
particular for special engines known as V engines, which are 
designed as essentially two engines having cylinders in-line 
and a shared crankshaft. This embodiment, however, is not 
limited to such engines; it is generally applicable to engines 
in which the cylinders of the internal combustion engine are 
assigned to different banks/groups, an actuator for 
influencing the air amount being assigned to each bank/group. 

The procedure is furthermore also applicable to a greater 
number of engine banks. In particular, the procedure is also 
applicable if an actuator for influencing the air amount is 
assigned to each cylinder. 

Elements described in Figure 1 are identified by the same 
reference numerals. The embodiment of Figure 2 essentially 
differs from that of Figure 1 in that two fuel amount 
calculators 120 are provided for the actually injected fuel 
amount. The fuel amount calculator for the first bank is 
identified as in Figure 1. The fuel amount calculator for the 
second bank is designated by 320. The first quantity which is 
assigned to the first bank is referred to hereinafter as MEIL, 
and the first quantity which is assigned to the second bank is 
identified as MEIR. Node 125 of the first bank corresponds to 
node 325 of the second bank. The fuel amount error of the 
first bank is identified as DMEL and that of the second bank 
is identified as DMER. Elements 140, 142, 144, and 205 of the 
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first bank are designated for the second bank by 340, 342, 
344, and 305. The operation of these elements is the same as 
that of the corresponding elements in Figure 1 . 

Integrator 130 receives the output signal of a divider 350, 
5 which processes the output signal of node 160. Node 160 

receives the injected amount error of first bank DMEL and the 
injected amount error of second bank DMER . This means that the 
integrator receives the mean value of the two injected amount 
errors of the two different banks. It is obvious that the 
10 input signals of fuel amount calculators 120 and 320 are 

provided by different sensors associated with the individual 
banks . 

According to the present invention, the procedure of Figure 1 
is essentially transferred to one of the banks, i.e., the 

15 individual elements are duplicated. The fuel amount is 

corrected in the same way for both banks. This is necessary 
because a different correction would interfere with other 
open-loop or closed-loop controls. If the limit is reached in 
correcting the fuel amount, the residual errors of the 

20 individual banks are compensated via air amount interventions. 
The same applies if different injected amount errors occur for 
the different banks. In this case, the mean error is 
compensated using the fuel amount intervention, and the 
residual errors of the individual banks are compensated using 

25 the air amount interventions. 

Another embodiment is illustrated in Figure 3. It essentially 
corresponds to the functionality of embodiment Figure 2, but 
it requires less computer time and memory. Elements described 
in Figures 2 and 1 are designated by the same reference 
30 numerals. Injected amount error DMEL of the first bank is 
supplied to a node 410 and a node 420. Similarly, injected 
amount error DMER of the second bank is also supplied to the 
two nodes 410 and 420. The sum of the two signals is formed in 
node 410, and the difference between the two signals is formed 
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in node 420. Downstream dividers 415 and 425 divide the output 
signals of nodes 410 and 420 by two. Filter 140 thus receives 
the mean value of the two injected amount errors of the two 
banks. Filter 340 receives the difference with respect to the 
5 mean value. The output signal of characteristics map 144 is 
supplied to a filter 430 and the two nodes 440 and 450. The 
filter is preferably designed as a factorer. The output signal 
of characteristics map 344 is supplied to the two nodes 440 
and 450. The output signal of filter 430 is supplied to 
10 limiter 132. Signal QMLL is applied to the output of node 440 
and signal QMLR is applied to the output of node 450. 

In this embodiment of the present invention, the mean value 
and the half -difference , i.e., the deviation from the mean 
value of the individual errors, are learned in characteristics 

15 maps 144 and 344. The three correction terms QME , QMLL, and 
QMLR are determined from these quantities by appropriate 
adaptive gating with appropriate selection of the plus or 
minus sign. This means that elements 430 and 132 may be 
defined as a function of the operating point. The two 

20 interventions in the air amount are symmetrical with respect 
to the mean value and have opposite signs. As an alternative, 
characteristics maps 144 and/or 344 may also be designed as 
learning functions of any desired type. 

Instead of an integrator, a low-pass filter 140 is used for 
25 learning the mean value. For this reason, the fuel amount 

error is never fully compensated via the intervention in the 
fuel amount. An intervention in the air amount is thus 
simultaneously used. The transmission characteristics of 
filter 430, like the limiting values of limiter 132, are 
30 definable as a function of the operating state. 

In the embodiments of Figures 2 and 3, correction is performed 
via a uniform intervention in the fuel amounts for all 
cylinders. Correction by intervention in the air amount is 
performed individually for different cylinder groups. In this 
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context, the correction may take place for individual 
cylinders or jointly for a plurality of cylinders. The number 
of correction values preferably corresponds to the number of 
air mass meters and/or the number of actuators. 
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